Abstract-Although abdominal operation is a kind of important clinical surgery, recovery of the post-operative is usually evaluated by the judgment of doctors. This traditional medical care mode may take much time of medical staffs and meanwhile increase the expense of patients. In this paper, a recovery evaluation system is established for the abdominal post-operative by using body sensor networks (BSN). The evaluation system can collect acceleration signals from five parts of human body and surface electromyographic (sEMG) signals from abdomen muscle group (AMG) during a user's daily activities. An experiment as a pilot study has been conducted to test the validity and feasibility of the system. The experimental results showed the evaluation system may effectively acquire the relationship between a user's daily activities and intensity of AMG. The study work in this paper may be used as a basis for further study on evaluating recovery level of the actual post-operative.
INTRODUCTION
Body sensor networks (BSN) is the application and development of existing wireless senor networks (WSN) in the field of human monitoring [1] . In recent years, BSN technology has gained tremendous interest from researchers both in academia and industry. The ubiquitous computing abilities of BSN offer the prospect of continuous monitoring of human health in any environment, be it home, hospital, outdoors or the workplace [2] . The application of BSN has extended from medical care field [3] - [7] to many other fields, such as assisting coach and athletes in the sport training [8] , emotions recognition [9] and abnormal activity detection [10] .
Abdominal operation is a kind of important clinical surgery. The operation will leave an incision from 2cm to 30cm on a patient's abdomen [11] . To avoid venous thrombosis caused by being long-term in bed, the postoperative should take some moderate physical exercises during recovery [12] . In traditional medical care mode, recovery level of the post-operative is usually evaluated by the judgment of doctors via the relationship between activity ability and status of abdomen muscle group (AMG) during daily activities [13] . This medical care mode may take much time of medical staffs and meanwhile increase the medical expense of patients.
In this paper, a recovery evaluation system for the abdominal post-operative is established by using BSN. The evaluation system can collect acceleration signals from five parts of human body and surface electromyographic (sEMG) signals from AMG during a user's daily activities. The sEMG signals are generated by muscle contraction. Wang [14] used sEMG signals to evaluate the recovery of strained muscle. Cheung [15] proposed an evaluation methodology of muscle recovery by comparing sEMG of patient and healthy people. In this paper, sEMG signals from AMG are used to measure the intensity of AMG during daily activities. A twostep method is proposed in this paper to recognize human activity by using acceleration data. Experimental results have shown that the evaluation system may effectively reflect the relationship between activity ability and status of AMG.
II. METHODOLOGY

A. Establishment of the evaluation system
The evaluation system established in this paper consists of acceleration acquisition part and sEMG acquisition part. The acceleration acquisition part includes five accelerometers which are mounted on a user's left arm, right arm, chest, left leg and right leg respectively, as shown in Figure 1 . The collected acceleration signals are transmitted to a remote terminal wirelessly. By using acceleration data from these five parts of body, most of daily activities which are related to AMG can be recognized. The sEMG signals are collected by using three electrodes which are fixed on left side, right side and centre of a user's abdomen, as shown in Figure 1 . Potential differences between electrodes A and C, and between electrodes B and C are amplified by using a difference amplifier. The sEMG signals are then calculated as the difference between two groups of the amplified signals. The collected sEMG signals are transmitted to the remote terminal through data line.
B. A two-step method for human activity recognition
Human activity recognition by using acceleration data may generally be divided into three steps. First, the data stream is cut into small time segments as observation windows. Second, some features are extracted to characterize the signals for each window. Third, features are used as input to a classification algorithm which associates each window with an activity. In previous studies, many classification algorithms have been used, including decision tree [16] , artificial neural network [17] , support vector machine [18] , Bayes classifier [19] , self-organized mapping [20] and hidden Markov model [21] . In this paper, a two-step method is proposed for human activity recognition. The two-step method may integrate any one of the above classification algorithms and improve its recognition accuracy effectively.
According to the status (moving or static) of each part of human body during an activity, daily activities may be mainly classified into four categories, upper-body activity, lower-body activity, full-body activity, and no movement. Table I lists the status of arms, legs and chest in these four categories, numeral "1" denotes "moving" and numeral "0" denotes "static". According to Table I , the two-step method firstly determines the category which a segment window belongs to. Let ( )
, , Response area may effectively indicate the fluctuation of acceleration signals. For each acceleration window, if the response area is smaller than a given threshold, the accelerometer (corresponding part of human body) is regarded as static and conversely is regarded as moving.
After determination of the category of each window, the two-step method secondly recognizes the activity by using one of the above classification algorithms. In this paper, Bayes classifier is selected for its rapid execution and high accuracy. Due to different activity categories, the two-step method selects acceleration data from different accelerometers to form the instance of Bayes classifier. The selection of accelerometers is listed in Table I .
C. Feature extraction from sEMG
The sEMG signals are a kind of important bio-electric signals. They are generated by muscle contraction and have close connections with muscle's active state and functional status [22] . In some previous studies [14] [15] [22] , features extracted from sEMG included mean value, variance value, average RT, average RA, maximum RA, energy, and power spectrum. Different feature reflects different aspect of muscle's status. In this study, the variance value of sEMG signals is calculated to measure the intensity of the user's AMG during daily activities.
III. EXPERIMENT
A. Experimental platform of the evaluation system
The experimental platform used for acceleration acquisition was divided into signal collection part and signal reception part, as shown in Figure 2 . Signal collection part was composed of a sensor node, a BSN node and a battery board. Signal reception part consisted of a BSN node and a USB programmer. The sensor node included a triaxial accelerometer (ADXL330). The BSN node included a microcontroller unit (MSP430) and a wireless transceiver (CC2420).
The sEMG signals were collected and transmitted by using three electrodes and 3-lead snap wires, as shown in Figure 3 . Three electrodes were fixed on left side, right side and centre of a user's abdomen respectively.
B. Data acquisition
As a pilot study, only healthy volunteers took part in the experiment. The volunteers were asked to wear all the devices and do eight activities, including "stand", "sit", "walk", "stoop forward", "stoop left", "stoop right", "sit and move arms up & down" ("move arms" for short), and "sit and move legs up & down" ("move legs" for short). The duration of each activity was about fifteen seconds, and each activity was done three times. In the experiment, the sampling frequency of acceleration signals and sEMG signals were 10Hz and 100Hz respectively. The collected data were firstly stored in a computer, and then used for study. 
C. Data processing
Firstly, synchronize the time axises of acceleration signals and sEMG signals. The acceleration signals were filtered by using a 3-level 'db5' discrete wavelet transform. Compared with traditional Fourier transform, wavelet transform may reveal the local characteristics of signals clearly both in time domain and frequency domain, and make the processing of non-stationary signals easily [23] . The sEMG signals are a kind of weak bio-electric signals and easy to be interfered by noise and other bio-electric signals such as electrocardiographic signals and electrogastrographic signals. In this paper, sEMG signals were filtered by using an elliptic lowpass filter, and the cutoff frequency was set to be 45Hz [24] .
The acceleration data and sEMG data were then divided into time segments. The duration of sliding windows was selected to be three seconds, and has a 50% overlap between adjacent windows. After segmentation, make sure that the start time and end time of each acceleration window equals to that of each sEMG window. Use the two-step method to determine the category that each acceleration window belongs to, and the threshold of response area was set to be 250. For each category, select acceleration data from corresponding accelerometers (according to Table 1 ) to form the instance of Bayes classifier. The extracted features of acceleration data were mean value of each axis, variance value of each axis, and covariance value of different axises. For each sEMG window, calculate deviation value of signals as the measurement of intensity of AMG. The deviation value of signals in acceleration windows were also calculated as the indication of a user's activity ability. Figure 4 illustrates the processing of acceleration signals and sEMG signals. Table II lists human activity recognition results by using the proposed two-step method. The activity labels in column denote the true activity of each instance, and the labels in row denote recognition result of each instance. As shown in Table II , there are only a few misclassified instances within each category. For example, only seven "stand" instances were misclassified to be "sit". It is notable that there were no misclassified instances between categories. For example, no "stand" instances were misclassified to be "walk" or "stoop forward". Table III lists the recognition accuracy by using two-step method and Bayes classifier. Stand  435  7  0  0  0  0  0  0  Sit  3  432  0  0  0  0  0  0  Full-body  Walk  0  0  448  0  0  0  0  0   Upper-body   Stoop forward  0  0  0  395  15  23  1  0  Stoop left  0  0  0  12  402  3  8  0  Stoop right  0  0  0  16  11 As shown in Table III , performance of the two-step method is better than that of Bayes classifier. The recognition accuracy of "walk" and "move legs" by using Bayer classifier decreases dramatically compared with that by using two-step method. Because the two-step method may distinguish different activity categories accurately, the instances from different categories were not misclassified. stoop forward. Figure 5 shows the scalar acceleration of all five accelerometers from "move legs" and "stoop forward". In "move legs", the fluctuation of scalar acceleration of accelerometers 1, 2, and 3 (denote left arm, right arm and chest respectively) is tiny. In "stoop forward", the fluctuation of scalar acceleration of accelerometers 4 and 5 (denote left leg and right leg) is also tiny. So, these neglected accelerometers did not provide useful information for activity recognition. Figure 6 shows the scalar acceleration of the selected accelerometers (according to Table 1 ) and sEMG signals from "stoop left" and "move legs". As shown in Figure 6 , it is intuitive that the relationship between activity ability and intensity of AMG is expressed clearly by using acceleration signals and sEMG signals. Table IV lists the activity ability of five parts of human body and the intensity of AMG during each activity. The activity ability was indicated as deviation value of scalar acceleration, and the intensity of AMG was measured as deviation value of sEMG signals. It can be found in Table IV that the intensity of AMG is different among activities. The intensity of AMG during "stand" and "sit" is much lower than that during "stoop forward", "stoop left" and "stoop right". It is also shown in Table IV that the impact of different parts of human body on the intensity of AMG is also different. The relationship between activity ability of chest and the intensity of AMG is much closer than others. Because only healthy volunteers took part in the experiment, the achievement in this paper can be used as a basis for further study on evaluating recovery level of the actual postoperative. In this study, a recovery evaluation system was established by using BSN for the abdominal post-operative. The evaluation system can collect acceleration signals and sEMG signals during a user's daily activities. A two-step method was proposed in this paper for activity recognition by using collected acceleration data. Compared with Bayes classifier, this method may improve the recognition accuracy significantly. The sEMG signals were firstly filtered by using elliptic lowpass filter, and the variance value of signals was calculated to measure the intensity of the user's AMG during activities. The experimental results have shown that the relationship between activity ability and intensity of AMG was reflected clearly by using this evaluation system. Since only healthy volunteers were involved in the experiment, the work presented in this paper can be used as a criterion for evaluating recovery of real post-operative patients. Future work will focus on the following 1) For a more flexible and practical configuration of the evaluation system, sEMG signals will be transmitted wirelessly in the next version of the system.
IV. EXPERIMENTAL RESULTS
A. Recognition results by using two-step method
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B. Information integration
2) Because of weak sEMG signals, more effective and advanced filtering methods are needed to be integrated in signal acquisition devices.
3) More features are needed to be extracted from acceleration signals and sEMG signals to understand indepth relationship between daily activity and status of AMG.
4) The evaluation system needs to be tested clinically by evaluating recovery of actual post-operative patients.
